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METHOD OF REDUCING DEFECTIVITY DURING 
CHEMICAL MECHANICAL PLANARIZATION 

FIELD OF THE INVENTION 

0001. The present invention relates to chemical-mechani 
cal planarization (CMP), and in particular relates to methods 
of reducing defectivity during CMP of wafers. 

BACKGROUND OF THE INVENTION 

0002. In the fabrication of integrated circuits and other 
electronic devices, multiple layers of conducting, Semicon 
ducting, and dielectric materials are deposited on or 
removed from a Surface of a Semiconductor wafer. Thin 
layers of conducting, Semiconducting, and dielectric mate 
rials may be deposited by a number of deposition tech 
niques. Common deposition techniques in modern proceSS 
ing include physical vapor deposition (PVD), also known as 
Sputtering, chemical vapor deposition (CVD), plasma-en 
hanced chemical vapor deposition (PECVD), and electro 
chemical plating (ECP). 
0003. As layers of materials are sequentially deposited 
and removed, the uppermost Surface of the Substrate may 
become non-planar acroSS its Surface and require planariza 
tion. Planarizing a Surface, or “polishing a Surface, is a 
proceSS where material is removed from the Surface of the 
wafer to form a generally even, planar Surface. Planarization 
is useful in removing undesired Surface topography and 
Surface defects, Such as rough Surfaces, agglomerated mate 
rials, crystal lattice damage, Scratches, and contaminated 
layerS or materials. Planarization is also useful in forming 
features on a Substrate by removing exceSS deposited mate 
rial used to fill the features and to provide an even Surface 
for Subsequent levels of metallization and processing. 
0004 Chemical mechanical planarization, or chemical 
mechanical polishing (CMP), is a common technique used 
to planarize Substrates Such as Semiconductor wafers. In 
conventional CMP, a wafer carrier or polishing head is 
mounted on a carrier assembly and positioned in contact 
with a polishing pad in a CMP apparatus. The carrier 
assembly provides a controllable pressure to the Substrate 
urging the wafer against the polishing pad. The pad is 
optionally moved (e.g., rotated) relative to the Substrate by 
an external driving force. Simultaneously therewith, a pol 
ishing Solution (e.g., a chemical composition, a “slurry' or 
other fluid medium) is flowed onto the substrate and 
between the wafer and the polishing pad. The wafer Surface 
is thus polished by the chemical and mechanical action of 
the pad Surface and slurry in a manner that Selectively 
removes material from the Substrate Surface. 

0005 Different improvements to CMP systems have been 
proposed to improve the CMP process. One such improve 
ment relevant to the invention described below is set forth in 
U.S. Pat. No. 6,116,992, which discloses a CMP system that 
utilizes a retaining ring to used to keep the wafer in place and 
to put pressure on an annular portion of the polishing pad 
Surrounding the wafer to reduce edge polish non-uniformi 
ties. 

0006 A problem encountered when planarizing a wafer is 
the introduction of “defects' onto the wafer Surface. These 
defects include Scratches, pits, cracking, dishing, erosion, 
particles, etc. The presence of defects on a wafer Surface is 
referred to as “defectivity.” In the manufacturing of semi 
conductor devices, defectivity is known to reduce product 
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yield, which in turn reduces profit. Accordingly, techniques 
that reduce defectivity during CMP processing tend to 
improve device yield, which in turn makes the manufactur 
ing of Semiconductor devices more profitable. 

STATEMENT OF THE INVENTION 

0007. The invention is a method of performing chemical 
mechanical planarization (CMP) of a wafer having a Surface 
to be planarized, comprising: a) Supporting the wafer in a 
wafer carrier having a membrane and a retaining ring 
Surrounding the membrane; b) bringing the wafer Surface 
into contact with a Surface of a polishing pad; c) providing 
relative motion between the wafer Surface and the polishing 
pad; d) adjusting the membrane to provide a select wafer 
pressure between the wafer and the polishing pad; and e) 
adjusting the retaining ring to provide a ring pressure 
between the retaining ring and the polishing pad that is at 
least 1.5 times the wafer pressure to reduce defectivity on 
the wafer Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic cross-sectional view of an 
embodiment of a CMP apparatus that includes an inflatable/ 
deflatable membrane and a retaining ring: and 
0009 FIG. 2 is a plot of total defect count D vs. ring 
pressure P (psi) for a fixed wafer pressure Pw of 2 psi for 
a CMP proceSS performed on copper sheet wafers, illustrat 
ing a significant reduction in wafer defectivity with increas 
ing ring preSSure PR. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0010 FIG. 1 is a schematic cross-sectional view of an 
embodiment of a CMP apparatus 10. Apparatus 10 includes 
a platen 16 upon which resides a polishing pad 20 having a 
polishing (e.g., roughened) Surface 22. Apparatus 10 also 
includes a wafer carrier 40 having a horizontal Support 
member 44 with a side 46 and a perimeter 48. An inflatable/ 
deflatable membrane 56 is fixed to side 46. Apparatus 10 
also includes an adjustable retaining ring 60 movably 
attached to Support member 44 near perimeter 48. Retaining 
ring 60 surrounds membrane 56. Retaining ring 60 extends 
downward from side 46 to Surround membrane 56. Retain 
ing ring 60 has an annular end 64 that contacts polishing pad 
Surface 22 over an annular region Surrounding a wafer (e.g., 
wafer 100, discussed below) during polishing. 
0011 Apparatus 10 also includes a controller 80 opera 
tively connected to platen 16 and wafer carrier 40 to control 
the movement (e.g., rotation) of the platen and the rotation 
and movement of the wafer carrier, as well as the inflation 
and deflation of membrane 56 and the downward movement 
of retaining ring 60 to adjust the downward force of the 
retaining ring on polishing pad 20. AS described above, the 
conventional purpose of retaining ring 60 is to provide 
preSSure on the region of the polishing pad near the edge of 
the wafer to reduce non-uniformity in the polishing rate near 
the edge of the wafer. 
0012. In the operation of apparatus 10, a wafer 100 with 
an upper surface 102 and a lower surface 104 is held in wafer 
carrier 40. Wafer surface 104 is the surface to be planarized. 
Wafer 100 is held in wafer carrier 40 Such that Surface 102 
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contacts membrane 56 and Surface 104 is pressed against 
polishing pad Surface 22. In an example embodiment, a 
Slurry (not shown) containing an abrasive is introduced 
between wafer Surface 104 and polishing pad surface 22 to 
enhance the planarization process. 
0013 Platen 16 and wafer carrier 40 are placed in relative 
rotation while the wafer and polishing pad are pressed 
together, resulting in the planarization of wafer Surface 104. 
The presence of a slurry enhances the planarization process. 
The inflation or deflation of membrane 56 adjusts the 
amount of force F1 on wafer 100 and thus the amount of 
preSSure between wafer Surface 104 and polishing pad 
Surface 22. Also, extending or retracting retaining ring 60 
into or from the polishing pad adjusts the amount of force F2 
retaining ring 60 exerts on polishing pad Surface 22 and thus 
the amount of pressure between retaining ring end 64 and an 
annular portion of the polishing pad Surface Surrounding the 
wafer. 

0014) The pressure (i.e., forcer per unit area, usually 
measured in pounds per Square inch or “psi') between wafer 
100 and polishing pad 20 as adjusted by the inflation/ 
deflation of membrane 56 is referred to herein as the "wafer 
preSSure,” or Pw. The pressure between retaining ring 60 and 
polishing pad 20 as adjusted by changing the downward 
force of the retaining ring on the polishing pad is referred to 
herein as the “ring pressure,” or P. 
0.015 While the wafer pressure Pw and the ring pressure 
Ps are independently adjustable, conventionally the two 
preSSures are coupled to one another, e.g., P is a fixed 
percentage of Pw. In practice, P is made slightly larger than 
Pw to reduce the non-uniformity of the polishing rate at the 
edge of the wafer. 
0016. By way of example, in one conventional CMP 
application, the relationship P=(1.076)Pw-0.145 is main 
tained. In another conventional example embodiment, 
P=1.4Pw. 
0.017. The present invention, however, goes against the 
conventional wisdom in the art and does away with Slavishly 
coupling the ring pressure from the wafer pressure for the 
Sole purpose of achieving edge polish uniformity. De-cou 
pling of P and Pw allows for these pressures to be Selected 
to additionally reduce defectivity while also maintaining 
edge polish uniformity. 

0018 FIG. 2 is a plot of total defect count D vs. ring 
pressure P for a fixed wafer pressure Pw of 2 psi for a CMP 
proceSS performed on copper sheet wafers using a slurry 
known as CUS1351, manufactured by Rodel, Inc. of New 
ark, Del. Measurements of the processed wafers showed that 
the vast majority of the defects were microScratches. From 
the plot, it is clear that increasing the ring preSSure PR, e.g., 
to 3 times the wafer pressure Pw results in a dramatic 
reduction in defectivity. 
0019. In practice, the ring pressure P and the wafer 
preSSure Pw are Set by inputting instructions into controller 
80. In an example embodiment, controller 80 has a range 
(tolerance) for possible ring and wafer pressures, and the 
combination of preSSures that reduces defectivity are deter 
mined empirically using test wafers. Once the Select pres 
sure settings that reduce defectivity are established, the CMP 
proceSS can then be carried out on product wafers. In an 
example embodiment, the test wafers are the same type of 
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wafers as the product wafers. In another example embodi 
ment, the test wafers are sheet waferS representative of the 
product wafers. In yet another example embodiment, the test 
wafers are copper sheet wafers. 
0020 Advantageously, the ring pressure P is set at least 
1.5 times the wafer pressure Pw to decrease defectivity. 
Increasing this ratio to at least 3 provides a further decrease 
in wafer defectivity. In a most advantageous embodiment, 
the ring pressure P is Set between 3 and 10 times the wafer 
preSSure Pw. 
0021. Thus, an example embodiment of a method of the 
present invention for performing CMP of a wafer (e.g., 
wafer 100) to reduce defectivity includes supporting the 
wafer in wafer carrier 40, and bringing the wafer Surface 
(e.g., Surface 104) into contact with Surface 22 of polishing 
pad 20. The method further includes providing relative 
motion between the wafer Surface and the polishing pad, 
adjusting membrane 56 (e.g., via inflation or deflation) to 
provide a Select wafer pressure Pw between the wafer and 
the polishing pad, and adjusting retaining ring 60 to provide 
a ring pressure P that reduces defectivity on the wafer 
Surface. 

0022. In another example embodiment, the method fur 
ther includes providing a polishing Solution between wafer 
Surface 104 and polishing pad Surface 22 to enhance pla 
narization of the wafer Surface. 

0023. Another example embodiment of the present 
invention is a method of planarizing a Surface of a product 
wafer to reduce defectivity on the surface of the product 
wafer. The method includes planarizing two or more test 
wafers, with each test wafer being Subject to a Select ring 
preSSure and a Select wafer pressure. The method further 
includes performing defectivity measurements on the two or 
more test wafers, and establishing the ring and wafer pres 
Sures from the defectivity measurements that show reduced 
defectivity. The method further includes planarizing the 
product wafer using the ring pressures and wafer pressures 
that resulted in the reduced defectivity (i.e., the aforemen 
tioned “established” pressures). 
0024. Another example embodiment of the present 
invention is a method of determining a ring pressure and a 
wafer pressure for performing chemical mechanical polish 
ing in a manner that results reduced wafer defectivity. The 
method includes producing a set of planarized test wafers, 
with each test wafer planarized with a Selectring preSSure P. 
and a select wafer pressure Pw, performing defectivity 
measurements on the Set of test wafers to determine which 
test wafer has reduced defectivity, and then identifying the 
ring pressure and wafer pressure used to planarize the test 
wafer having reduced defectivity. 

What is claimed is: 
1. A method of performing chemical mechanical pla 

narization (CMP) of a wafer having a surface to be pla 
narized, comprising: 

a) Supporting the wafer in a wafer carrier having a 
membrane and a retaining ring Surrounding the mem 
brane; 

b) bringing the wafer Surface into contact with a Surface 
of a polishing pad; 
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c) providing relative motion between the wafer Surface 
and the polishing pad; 

d) adjusting the membrane to provide a select wafer 
preSSure between the wafer and the polishing pad; and 

e) adjusting the retaining ring to provide a ring pressure 
between the retaining ring and the polishing pad that is 
at least 1.5 times the wafer pressure to reduce defec 
tivity on the wafer surface. 

2. The method of claim 1, including providing a retaining 
ring pressure that is between 3 and 10 times the wafer 
preSSure. 

3. The method of claim 1, further including providing a 
polishing Solution between the wafer Surface and the pol 
ishing pad to enhance planarization of the wafer Surface. 

4. The method of claim 1, including repeating acts a) 
through e) for two or more test wafers and varying the Select 
wafer preSSure and the ring preSSure to establish the ring 
preSSure and the wafer preSSure. 

5. The method of claim 4, including repeating acts a) 
through d) on a product wafer using the established ring and 
wafer preSSures. 

6. A method of planarizing a Surface of product wafer to 
minimize defectivity, comprising: 

planarizing two or more test wafers, with each test wafer 
being Subject to a Selectring pressure and a Select wafer 
preSSure, 
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performing defectivity measurements on the two or more 
test wafers, 

establishing a ring pressure and wafer preSSure from the 
defectivity measurements associated with a reduced 
defectivity; and 

planarizing the product wafer using the established ring 
and wafer pressures. 

7. The method of claim 6, wherein the product wafer and 
the two or more test wafers are the same type of wafer. 

8. The method of claim 6, wherein the test wafers are 
sheet waferS representative of the product wafers. 

9. A method of determining a ring pressure and a wafer 
preSSure for performing chemical mechanical planarization 
(CMP) in a manner that results in reduced wafer defectivity, 
comprising: 

producing a Set of planarized test wafers, with each test 
wafer planarized with a Selectring pressure and a Select 
wafer preSSure, 

performing defectivity measurements on the Set of test 
wafers to determine which test wafer has a reduced 
defectivity; and 

identifying the ring pressure and wafer pressure used to 
planarize the test wafer having the reduced defectivity. 
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